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Introduction

Revegetation efforts on bare roadsides of nevdgnstructed highways are primarily focused on
the stabilization of soil to reduce rates of erosion. The Nebraska Departmd@nangportationNDQY)
seeds roadsides with a diverse mixture of grasses andlovildrs for site stabilization as well as to
enhance the visual quality of roadsides. Although grasses dominate roadside plantings in terms of cover
and density, wildflowers are largely responsible for the visual enhancement of recemitied
roadsides.n addition to the visual component, wildflowers provide essential ecological functions on
roadsides. Wildflowers improve water and nutrient cycling in the compacted roadside soils by increasing
water infiltration and nutrient availability. Leguminous witlf’er species increase nitrogen content of
soil. The variability of wildflower leaf size, shape and orientation provides acooateuous soil cover
than grass alone. The diversity of wildflower growth habits and life cycles also allows for a greater rang
of stand establishment and persistence when compared to sites seeded to gatmses

Federal guidance states that wildflowers are to be used in roadsiderspmiktures.
Wildflowers compose about 10% of the total seeds in the seeding maaised by NDOR. Wildflower
seeds are relatively expensive; therefore, despite the low percentage of wildflowers in the seeding
mixtures, they represent 30% of the total cost of seed. Staff of NEport that wildflower density of
most roadside seeding pegts is acceptable ithe first 2 or 3 years after seeding, but that wildflower
density and cover decline in the following yeaksecent study completed by the University of
Nebraskalincoln in collaboration with NDIJSoper et al. 201)0has shown that idflowers compose
less than 10% of the botanical composition of highway roadsides 10 years following seeding. The study
showed that the mature seeded stands along Nebraska highways are clearly dominated by seeded
native grasses and invasive grasses, oitly a few species of seeded wildflowers appearing
occasionally.

The common native grasses (eRgnicum virgatuhused in the NDDseeding mixtures
germinate and establish more readily than most native, perennial wildflowers included in the seeding
mixtures Masters et al2001). These grasses have higher germination rates, areadalpted to a
diversity of soil conditions, and grow rapidly following germination; therefore, they are able 10 out
compete most wildflowers when they are seeded in the same@aln some cases, however, wildflower
presence in recenthgeeded, mixed stands can be enhanced by increasing the density or availability of
wildflower seeds and/or spatially segregating the grass and wildflower sdest®eding The density or
availabiity of seeds can be increased by using higher seeding rates or by establishing other sources of
propagules or seeds, such as wildflower islands. Wildflower islands refer to small blocks within the area
to be established that are seeded to wildflowers oflgese localized areas seeded to wildflowers have
the potential to remairasa dense stand of wildflowers and provide a source of seeds and propagules
for wildflowers in the overall stan¢foster et al. 2004)When seeding new sites, the separation ofsgra
and wildflower seed into separate rows has been shown to improve wildflower establishment by
reducing the competition for resources between seedlings (Dickson and Busby 2009).

Research in grassland ecology has shown that wildflower diversity decli@eesrog because
the grasses are more competitive when natural disturbances are removed from the ecosystem (Collins
et al. 1998). In grassland systems, common natural disturbances are burning and the trampling and
defoliation associated with grazing. Thgrsficance of disturbance is made evident by the relatively high
plant diversity of grasslands periodically exposed to disturbances. Disturbances (e.g., grazing and/or
burning) tend to favor wildflowers because they suppress grasses, thus opening argas\dadiohg



wildflowers greater access to water, nutriengd light interception. Burning or grazing roadsides in
Nebraska is not realistic; however, mowing can be used as a reasonable substitute for grazing. The
trampling effect and the patchiness of @éiition associated with grazing are difficult to replicate with
mowing but the timing and intensity of defoliation can be manipulated with mowing. Research has
shown that mowing or grazing at specific times and heights during the year can greatly inapact p
communities by reducing the competition between grasses and wildflowers (Collinsl808|, Williams
et al. 2007).

Objectives

The purpose of our research w#o test different strategies for establishing and maintaining wildflowers
in roadside stads.The objective ofhe first studywas to determinghe interacting effects of (1)
wildflower seeding ratesind (2) spatialsegregaion of wildflower seedn establishment of wildflowers
on backslopes of roadsidéExperiment 1)A second study was conducted to determine the effect of
seeding backslopes with the Type A mixtwéh and without subplots of highensity seeding of
wildflowers (wildflower island€Experiment 2) The objective of a third study was to determine the
interacting effects of1) interseeding wildflowersto established stands on roadside backsloard(2)

the timing of mowingof the stands as the drilled wildflowers are establishfggperiment 3)

Materials and Methods
Study Sites

Two locations wereselected for the inmllation of research plotgr 2013 The first location was near
Kearney, NE, directly north 6BD exit 275, along the Kearney-pgiss(Nebraska tate Highway 10) This

site was previouslg crop field, but the site was used fequipment storage during construction of the
by-pass.During constrution, the site was allowed to grow up with weedy annual grasses and broadleaf
plant speciesThe site waseeded in spring014and, because of a high density of wedBigyurel), was
mowed in August 2014 and 2015; howevdre production of seeds of the weedy speciesurred

because of the lateness of mowirithe primay soil types aresandy loam and siloam. This sites leve)

with very little topographic features to influence waterovement across the sitéverage annual
precipitation for Kearney, NE is 25nchesper year(Figure2). During the studyannualprecipitation
wasnear average although 2016as below the longerm average.

The second locatioimcluded two sitealongUS Highway 82, milesnorth of Bruning, NEThetwo sites
were seeced most recentlyn 2002resulting in dully vegetatedstand ofwarm- and coolseason
grasses, with some wildflowepsesentas well. The primary soil types are silt loam and silt dtgm;
the sitesarelevel. Geneva, NE is the nearest weather station to the project site ancage annual
precipitation is 2B inches per yea(Figure3). During the studyannualprecipitation wasear average
although 2014 was above the lotgrm aveage.

Wildflower EstablishmeniKearney Site)

All combinations of three wildflower seeding rates and two levels of spatial segregation of wildflower
seedsin Experiment vere arranged in a completely randomézdesign with six replication3he
seedingates of wildflowers wer¢he standard NDOrate (4.1 Ils PLS/acrg adouble rate (8.2 Ibs
PLS/acrg oratriple rate (12.3 Ibs PLS/agr@ able 1) The amount of grass seed appli@3.5 Ibs
PLS/acreyvas consistent for all rates of wildflonseOats were seeded ascover crop at 12 Ibs



PLS/acreThetwo levels of spatial segregation of wildflower seeds were (1) the conventional seeding
approach of uniformly mixing and seediwgdflower and grass ses@nd (2) segregating the wildflower
seeds fom the grass seeds and planting every fourth row to wildflowers only with the intervening three
rows seeded to grass onRrior to seeding, the entirplot area was disked. A Adl drill was used to

seed all seedintate levels of theeonventionalseedng approachwith the drill beng cleaned between
different treatments.The drill row spacing wasinches.For the sgregated approachgrass seed was
planted by the nétill drill and the wildflowers were planted by hand. Using the availablseEsl tubes
(rows)on the drill, grass seed was planted in a sequence of three wothievery fourth seed tube
plugged so that no seed was placed in the fourth rdte blank grass rows were then hand seeded with
wildflower seed. This resulted in 3 rows of wildfieers and 12 rows of grass in each plot. Each plot was
20 X 20 feet in siz&here was 30 feet of border areas between plots within a replication and 20 feet
between replications. All border area was planted with a grass only mixture, at the same raée as th
grass in the plotsAfter planting, all plots and border areaere covered withhay mulch (400@bs/acre)
and crimpednto the soilwith a disk Planting occurred in mit¥lay 2014.

A second set of plots at the Kearney sitasarranged in a completely randomized design with eight
replications (Experiment 2fight plots, each measuring 20 x 26 fé&20 square feetwere seeded
with the standard NDDType A seeding mixtuf@3.5 Ibs PLS/acre grass seed and 4.1 Ibs PLS/acre
wildflower seed)andthe entire area ofinother eight plots were seeded with ttstandardType A
mixture alongwith two wildflower islandsseeded(8.2 Ibs PLS/acr&) each plot The wildflower islands
were 4 X 4.5det (18 square feet x 2 = 36 square featyl covered 7% of each plot. The islandsre
seeded following the drilling of the whole ploRBremeasured seedmounts werehand scattered and
lightly raked into the soiPrior to planting, the area was disked to prepare the seedBdiclots were
coveled with hay mulch (4000 Ibs/acrd)at was crimped into thesoilwith a disk Planting occurred in
mid-May, 2014.

Plot areas were mowed in both July and September of 2014 and 2015. Mowing was done to reduce the
population of annual grasses and forb specie

Wildflower PersistencgBruning, NE Site)

All combinations ofhree wildflower interseeding rates and three levels of mowing were arranged in a
randomized complete block desigExperiment 3)The seeding rate of wildflowersasthe standard

NDOr rate (4.1 Ibs PLS/acre), a double rate (8.2 PLS/acre) and no seeding. The three levels of mowing
were: mowing in early July, mowing in early Augastd no mowing.Planting occurred in mi¥ay,

2014.The plots were mowedt the appropriate dates (by treatmenit) 2014, 2015, and 2016 he plots
were mowed to a 6 inch stubble height using a tractor amgdtier, which is the standard mowing

practice used by NDD

Vegetation Measurements

In the year of seedn(2014), seedbed preparaticaat the Kearneite appeared to have created
conditions favorable to the growth of weedy forbs and grasBesause ofhe high populations of
weedy forbs and grasses, plots were not samie2i014.

Frequency of occurrence was sampled in Experiment 1 usirepaencygrid method (Vogel and
Masters2001) The frequency gridvas ametal frame containing 25 squares (5 x 5) or cells and was



made from concrete reinforcing sheets that have 15 x 15 cm sqBiggred). Within each plot, the
frequency grid was placed four locatins and thepresence or absence ofdividual species as
recorded for each cell. The four placements per plot were combined to give an overall freaquiency
occurrenceor an individual species for each pl&ampling occurred in late June/early July and-mi
September of 2015 and 2016.

Frequency of occurrence was saexbin Experiment 2 using a nestégquency framemethod (Smith

et al 1986).We used the nesteffequency method instead of the frequengyid method because of

the change in seeding methodVith the broadcast method, seed placement could not be expetied

be regularly spaced with seeds in each cell of a frequencyTgralnested quadrat had 4 swjuadrats

and the sizes were 100 én625 cm, 1225 cm, and 2,500 crh Ten nested quadrats werandomly
located in each plot. At each quadrat placement, the smallestogistalrat in which each of the species
was first encountered was recorded. If a species was recorded in the smallegtiadiat, it was given

a score of 10, 6 for the next large8tfor the next largest, and 1 if it were found only in the largest sub
guadrat. Frequency scores for each treatment were calculated for each seeded species and selected
categories (e.g., all seeded perennial species and native seeded spe@esency sores provided an
index of stand establishment. Waktablished seeded grasslands in the Great Plains generally have a
plant density of about 20 plants/friiabout 2 plants/ff) (Vogel and Masters 2001). Based on the area of
the nested quadrats used in thisudy, a frequency score of 6.0 would be equivalent to about 16
plants/n? (about 1.5 plants/ff). The broadcast seeding of the wildflower islands is not compatible with
the frequency grid method, which is a better technique for row plantings. The néstqdency frame is
better at accounting for the variability of a broadcast seedi8gmpling occurred in late June/early July
and midSeptember of 2015 and 2016.

Frequency of occurrence was sampiedugust2014,2015 and 2016n Experiment 3 using the

frequency rod methodSampson and Moser 198 he frequency rod is arh long rod, whichs

subdivided into 20, £mincrements The frequency rod is placed alongside a seeded row and the
presence of the seeded species is recorded for each of thec28ments.For each plot, seven

placements of the frequency raslasused to calculate the frequency of occurrence for each seeded
species. As these plots were previously vegetated, the high canopy of the grass would have made the
frequency grid hard tplace at sampling location3 he frequency rod fits much better alongside the
seeded rows and still gives accurate estimates of frequency of occurrence.

Data Analyses

Data were analyad using the General Linear ModeISAS (SAS Institute Inc., Cary, NC). In Experiment 1,
year (2), date (2), seeding rate (8nhd spatial segregatiof2) were included in the modelofurther

evaluate the effect of seeding method (segregation of wildflower seeds) on wildflower ektablisin
Experimentl, we conduckd an additional analysis @omparing frequency of occurrence of

wildflowers insegregated rowss their frequency of occurrence tine rows of the conventionally

seeded plotsTo perform this analysis, walculated the fiequency of occurrence of each wildflower
species irthe 20cells sampled over the four grids psegregatedlot that were seeded with only
wildflowersand the frequency of occurrence of wildflower species in all squares of the conventionally
seeded plotsin Experiment 2year (2), date (2)andwildflower islandrreatment (2) were included in

the model. Treatment differences were analyzed for each individual seed species weaddspecies,



and weed grass speciesn Experiment 3, year (3), site (2¢esling rate (2), and mowing frequency (3)
were included in the model. Treatment differences were analyzed for each individual seeded species.

Results
Experiment 1 (Kearney)
Wildflowers

Year and Date Effectéd/ildflower species occurred infrequeniligad low frequencies of occurrence
<1%)and generally did not differ between yeg015 and 2016anddates(June and Septemberfhe
frequencyof occurrence oMaximilian sunflower was B times greater in 2016 compared to 2015
(Table 2)Althoughthe frequency of occurrence dflackeyed Susauliffered between years, ivasan
infrequently occurring plantFrequency of wedy forts declined over time witlv2.4%in 2015and
27.1%in 2016

Method and Seeding Rate Effecisere was a metholy seeding rate interaction for upright prairie
coneflowerandIndianblanketflower (Tables 3 and 4frequency of occurrence of upright prairie
coneflower in he 1X seeding ratevasl.6times greater for the combined method than the segregated
method but he opposite was true for the 2x and 3x seeding rdfezble 3) For Indian blanketiower,
frequency of occurrence for the 1x seeding rate by the combined seeding methogkmwesallygreater
than the other two seeding rates and the segregated seeding atethiable 4)

Grasses

Year and Date EffextThe frequency of occurrence of both big bluestem and sideoats grama vere
times greater in 201éhan in2015(Table2). Although switchgrass was uncommon,fiesquency of
occurrence also increadén 2016.The frequency of occurrenadiffered between sampling dates in five
seeded grass speci€Bable 5) Frequency of occurrence was greatest in Jundnidiangrass, little
bluestem, switchgrass, and western wheatgrass. Sideoats grama had a frequenayr@ree thatwas
greatest in September.

There was a year x date interaction for Canada wil@fyble 6) The frequency of occurrence for
Canada wildrye in June 2016 was 2 times greater than June 2015. AdditiGaakthda wildrye
frequencyin June 2016 wad times greater tharin September 2016.

Seeding Rate and Seeding Method Effe€he impact of seeding method had limited effect on seeded
grass species, egptfor big bluestem, which was greater in the combined method compareddo
segregatednethod(Table7). There was a seeding rate by seeding method interadtotwo species.
The frequency of occurrened Canada wildryén the 1X seeding rate was6zimes greaer for the
combined method than the segregated methfihable8). The frequency of occrence of Canada
wildrye in the combined methodlsowas 2 time greater in the 1X seeding rate than the 2X seeding
rate. The frequency of occurrence for slender wheatgrass in the 1X seeding rate was nearly 2 times
greater in the combined method than thegregated methodTable9). Within the combined method,
the frequency of occurrencef slender wheatgrasat the 1X seeding rate wadout2 times greater

than in either the 2X%r 3xseeding rate.

Seeding Rate and Seeding Method by ¥acts. None of the seeded species had a seeding rate by
seeding method by year effect, but weedy grasses did. In 2015, freguérmccurrence for weedy



grasseslid not differ between seeding ta and seeding methadn 2016, frequency of occurrenees
different between the seeding rates and seeding meth¢biable10). Within the combined seeding
method, the 2X rate wa®.6 and 1.5 timegreater than the 1X and 3X seeding ratespectively The
frequency of occurrence at the 2X rat@as 1.6 timesgreater in thecombined method than in the
segregated method. The frequency of occurrem@s 2.2 and 1.4 timegreater in the segregated

method compared to the combined method in the 1X and 3X seeding, nr&sggectively Within the
segregated method, the frequency eécurrence was greater in the 3X rate compared to the 2X seeding
rate.

Wildflower Frequency of Occurren8ased onSegregatedRows

Method Efects. The frequency of occurrenad both Indian blanketflower and Maximilian sunflower
were greatelin the segegatedrows thanin the cambinedrows (Table 11)n the segregatedows, the
frequency of occurrence dndian blanketflower and Maximilian sunflowewasabout2 times greater
thanin the combinedrows.

Method bySeedingRate Hfect. The frequency of occurrenad upright prairie coneflowewas 2 to 9
times greater in the segregatedws than inthe combinedrows (Table 2). Within the segregatetbws,
the 3x seeding rate of upright prairie coneflower had a significantly higher fregusfhoccurrence
compared to the 1X seeding rate. Within the combimeds, the frequency of occurrence of upright
prairie coneflower did not diffeamongthe seeding rates.

Experiment 2 (Kearney)
Wildflowers

Year,Date and Treatmen&fects. Maximiian sunflower was the only seeded species to hayear by
date by treatment interaction (Table 13Jhe fequency score of Maximillian sunflower in the wildflower
islandplotsin September 20167.5)were 2.5 timegyreaterthanin the standard treatmenplotsin
September 2016 (Table 13). The frequency score of Maximilian sunflower wabalg®.5 times
greaterin September (7) than in June (3) of 200&erall, Maximilian sunflower peaked in frequency in
September 2016 in the wildflower island plots.

Weedy forbs also had a significant year by date by treatment interaction. In 2015, frequency scores of
weedy forbs were high, generally 5.5 to 9.3 (Talllg However, in 2016 weedy forb frequency scores
declined to 0.8 to 1.2.

Three wildflower species hadignificant datéoy treatment interactiongTable 15). Upright prairie
coneflower had frequency scores that were highest in June (2.8) for the standard seeding and in
September (3.5) for the wildflower islamdots. Frequency scores ofdrkeyed Susan aralue flax
varied by month and treatmenbut the frequency scores were generally 16v¢.0Q and not very
meaningful intesting the response of these two species to the two seeding treatments

Upright prairie coneflowehad a significant year by treatmenhteraction (Table B). It had a higher
frequency score in thetandard seedinglots than the wildflower island plots in 28but the reverse
was true in 2016Similar to Maximilian sunflower, upright prairie coneflower peaked in frequency in
September2016 in the wildflower island plots.



TreatmentHfects. Indian blankefflower was the only forb where treatment as a main effect was
significant.Frequencyscore of Indian blankeftower was greater for wildflower island plots regardless
of date and yeafTable 17)Two forb species had significant treatment effects. Frequency scores of
Indian blanketflower and New England aster were both greater in the wildflower island method
compared to standard method (Table 17).

Wildflowers Inside and Outside ofaistls

We summarized the frequency scores of the wildflower species within the wildflower islands and the

plot area outside of the wildflower islands so that we could quantify and compare the frequency of
wildflowers inside and outside of thislands (Tabl&8). We found that the frequency scores of Indian
blanketflower, Maximilian sunflower, and upright prairie coneflower were consistently greater through
the two years of data collection in the wildflower islands than in the plot areas @utb&lwildflower

islands (Figure 5). The frequency scores of the other seeded wildflowers also tended to be greater in the
wildflower islands but these species were relatively uncommon.

Grasses

Year and Dat&ffects. Three specigCanada wildrye, littleluestem, and slender wheatgralsad
significant year by date interactions. The frequency scoréiseothree species peaked in either June or
September 2016 (Tabl9). Although frequency scores of all three species peaked in 2016, the
frequency score aflender wheatgrass the only with a higher score in September 2016 than in June
2016.

Date was a significant main effect for sideoats grama and western wheatgrass. Regardless of seeding
method and year,he frequency score of sideoats grama was great&dptember compared to June
whereaswestern wheatgrass had frequency scores greater in June than in Septéhatide 20)This is

as expected because sideoats grama is a wsgason grass and should peak in frequency in September;
whereas, western wheatgss is a coadeason grass and should peak in frequency in June. Year was a
significant main effect for big bluestem and sideoats grama. Regardless of seeding method and date,
frequency scores of both species was almost 2 times greater in 2016 than 2@1&AT).

Treatmentand DateHfects. Indiangrass had a date by treatment interactidfrequency scores 2015

did not differ between June and September; whereas, frequency score was greater in September than in
June in 2016Table 2). Weedy grasses hayear by date by treatment interactiofhere wvasno

consistent response of weedy grasses to seeding method between dates and years J.able 2

Experiment 3 (Bruning)

Site and Year Effect$-requency of occurrence of Indian blanRetver was greater on the North site

than the South site in all years; however, its frequency declined three fold from 2014 twa0h6

North sitewhereas it did not decline signiéintly on the South site (TableR2 Contrary to Indian
blanketflower, frequency of occurrence of purple prairieclover increased at bideis from 2014 to

2016 (Table 8). However, similar to Indian blank#iower, the frequency of occurrence of purple
prairieclover was greater at the N site than the South site. Regardless of mowing frequency or
seeding rate, frequency of occurrence of upright prairie coneflower was greater at the North site (3.3%)
than the South site (0.7%).



Mowing Frequencyind Seeding Rate EffecEequency of imwing and seeding rate had no effect on
frequency of occurrence of the seeded wildflower species with two exceptions. With a mowing
frequency x seeding rate interaction, frequency of occurrence of blackeyed Susan was two to three
times greater on the moweglots than on the normowed plots at the 4 Ibs PLS/acre seeding rate

(Table B). The frequency of occurrence of blackeyed Susan was generally greater at the 4 Ibs PLS/acre
seeding rate than at the heavier seeding rate. Frequency of occurrence of puapiegover also was
greater at the 41 Ibs PLS/acre seeding rate with a frequency of occurrence of 3.3% at the lower seeding
rate and 0.9% at the heavier seeding rate.

Discussion
Experiment 1(Kearney)
Wildflowers

Of the 10 wildflower species seeded, otigian blanketfflower, Maximilian sunflower, and upright

prairie coneflower were commonly occurring (>5% frequency of occurrence). Plants of blue flax, New
England aster, shdikaf penstemon, and blackeyed Susan were present in the plots but at low
frequencies of occurrence 1£0).0f the three main wildflower species, the frequency of occurrence of
only upright prairie coneflower was greater in the segregated plots than in the combined plots
(conventionally seeded plots with the grasses and wildfloweeslsg as a mixture). Overall, segregation

of wildflower seeds in every fourth row of a plot did not result in increasing the frequency of wildflowers
as compared to seeding the grass/wildflower mixture in all rows of a dlmvever, the frequencies of
occurence of Indian blankefiower and Maximilian sunflower wersvo timesgreater in segregated

rows than in rows seeded to the grass/wildflower mixture, suggestingwiidflowers establish at a

greater rate when seeded in wildflower only rows and in theence of competition with grasses. We
used a ratio of grass segregated rows to wildflower segregated rows of 3:1. Our results at the plot level
likely would have been different if we would have tested a ratio of 3:2 or 2:2 because there would have
been mae wildflower segregated rows per plot resulting in more wildflow@itse amount of grass seed
applied (23.5 Ibs PLS/acre) was consistent for all rates of wildflowers

In our studywith a ratio of three segregated grass rows to one segregated wildflowerwewookthe
wildflower seeds that woulthave beerin the three grass segregated rows and placed them in the
wildflower segregated rowDecreasing the ratio ofrass rowgo wildflower rowswould decrease the
wildflower seeds in the wildflower rows. Thi®uld have the potential oflecreagngthe number of
wildflowers perrow. As expected, increasing the seeding rate of wildflowers from 4.1 |b PLS/acre
(standard NDOR seeding rate) to 8.2 Ibs PLS/acre and 1PB3sacre resulted in increased frequencies
of the main wildflower species. Witlatios of grass segregated rows to wildflower segregated rows
closer to 1:1 and higher seeding rates of wildflowers, we would expect greater establishment of
wildflowers on bakslopes of roadsides.

Grasses

All of the seeded grasses were found in the plots of the study site. Slender wheatgrass, big bluestem,
Indiangrass, sideoats grama, and Canada wildrye were the most common H&%iegregation of

grass and wildflower seedis separate rows affected frequency of occurrence of seeded grasses at the
plot levelin only a few instances. We expected lower frequency of occurrence of seeded grasses in plots



with segregated rows because some of the cells of the frequency grid weuwd the wildflower
segregated rows and no grasses would be recorded for these cells. However, only big bluestem had
greater frequency of occurrence in the combined plots than in the segregated plots, although Canada
wildrye and slender wheatgrass had gter frequencies in the combined plots in a few interactions of
seeding method and seeding rat@/ith a 3:1 ratio of grass segregated rows to wildflower segregated
rows, frequency of occurrence of seeded grasses was largely unaffected. We expect thandéseqis
occurrence of seeded grasses would decrease appreciably as the ratio of grass segregated rows to
wildflower segregated rows approags3:2 or 1:1.

Weedy Forbs and Grasses

The study site had a dense cover of weedy forbs and grasses in 2013, thefgra the plots were
established and seeded. We applied {mergent herbicide in spring 2014 but the weedy forbs and
grasses still dominated the study site witharly a 100% canopy cover during the initial growing season
of 2014. Even in the secondogving season (2015) following mowing of the plots in both 2014 and
2015, the freqency of occurrence ofveedy forbs wag2.4% However, frequency of weedy forbs
declined to 27.1% in 2016. Some of the seeded wildflower species, such as Maximilian sunflower,
responded positively to the decline in weedy forbs and gradually increased in frequency of occurrence
over the study period. We also found an increase in a number of the seeded grasses, including big
bluestem, sideoats grama, and switchgrasserthe study period.The establishment of seeded stands

of perennial grasses and wildflowers commonly requires three years but the heavy weed pressure on
our study site likely slowed the rate of establishment even naoreé perhaps reduced the wildflower
response tahe segregated seeding.

Experiment 2 (Kearney)

Incorporatingwildflower islandsnto conventionallyseeded (standard) plogenerallyresulted in

increased frequency score$ Maximilian sunflower, upright prairie coneflowend Indian blanket

flower atthe whole plot levelcompared to the standard plot&ven though the wildflower islands
composed only 7% of an entire plot area, the addition of the broadcast wildflower seeds increased the
presence of the three species at the whole plot level. Increasiagize of the wildflower islands likely
would result in significant increases in the presence of the other seeded wildflower spadies.
longerterm, the frequency (or density) of wildflowers should remain relatively high in the islands
because of Iss competition with grasses. If this is the case, the wildflowers within the islands could
serveasa propagule source (e.g., seeds and rhizormefcilitate expansion of wildflowsithroughout

the roadsde.

Seeded grass species did not show any negatipactsfrom the seeding of wildflower islands within

the larger planting arealf the size of the wildflower islands were to increase, it seems unlikely that the
grass population woulde impacted. Grassassually outcompete wildflowers as the seeding matures,
socreating larger wildflower islands should favor establishment of higher wildflower densities in the
overall seeded area

Experiment 3 (Bruning)

Our attempt to establish wildflowers in grademinated backslpes of roadsides by interseeding and
mowing wassuccessful for onlg few wildflower speciesThe grass stands at the two sites were



dominated by smooth bromegrass and Kentucky bluegrass. Establishing wildflowers into mature grass
stands is challenging baase of the difficulty of getting good wildfloweeedto-soil contact when

seeding and the poor growing conditiof@nsiderable competition for light and soil nutrients and

water) for a wildflower seedling in a mature grass stand. Our approaelldoesghese two challenges

was to use methods that NOQikelycould employ without significant changes in roadside

management. A naill drill was used to insert the wildflower seeds into the soil for eirgythe

likelihood of good seetb-soil contact. Herlgides, grazing, or fire are commonly used as methods of
suppressing the grasses in an established stand and of reducing competition for the interseeded species.
We used mowings a tool that could be readily implemented by ND# their contractors.

Blacleyed Susan, Indian blankBiéwer, and purple prairieclover were the only species with frequencies

of occurrence greater than 5fbut they wereless than 109 Frequencies of 5 to 10% are equivalent to

1 or 2 plants for every meter (39.4 inches) of rowjahshould be considered acceptable seeding

success. The other seeded species had frequencies of occurrence less than 1% except for upright prairie
coneflowerwhich had a frequency of about 2.5% on the two sites.

The low presence of most of the wildflowgpecies indicatepoor seedto-soil contact and/or low soll
moisture following interseeding. More aggressive interseeding methods are likely needed to improve
seeding conditions. Other practices may need to be implemented to create better conditiongébr se
germination and seedling establishment, such as 1. light disking to penetrate the sod and expase soil
which the seeds can be drilled,same other form of soil surface disturbance such as mowing followed
by severe raking to remove the plant residared disturb the soil surface, and&oplication of foliaf

active herbicides (e.g., glyphosate or paraquat) at the time of seeding to effectively suppressithe
species.

Mowing favored the establishment of blackeyed Susan and upright prairie coneftmivappeared to

have no effect on the other wildflower species. Mowing as a means of opening the canopy of a roadside
stand should have a positive influence. There was not any evidenca seabnd mowing during the

growing season would have a positivéeet on wildflower establishment. It is possible that our second
mowing date Augus} was too late in the growing season to affect wildflower growth and

establishment. The lack of response to an increased seeding rate cannot be explained.

Summary

Concermgthe segregatiorand increaed seeding rateof wildflowersin Experiment 1we conclude the
following.

1 Upright prairie coneflower had the greatest increase in frequency of occurrence pidtse
with segregated rows compared the combined plotghat were conventionally seeded

1 Maximilian sunflower and Indian blankBbwer also increased in frequency of occurrence in the
plots with segregated rows comparedd the combinedplots.

1 The frequency of occurrence of wildflowers was greater in the segrdgaileflower rows than
in the combined rows.

9 Our resultssuggest that a 3:1 ratio gfrass segregated rows taldflower segregated rowis
not optimum for establishing wildflowers in roadsides. Lower ratios of grass segregated rows to
wildflower segregatd rows €.g9.,3:2 or 1:1 should be considered he more even ratiosould
alsofurther reduce interrow competition between grasses and wildflowers.



The frequency of occurrence of wildflowersas not affected bgeeding rate.

The frequency of occurrenad grasses was not reduced by either segregation or by increased
seeding rates of wildflowers.

Weedy forbs and grasses heavily infested the study location in @@h4 of seedingand 2015,
but declined in 2016Weed control efforts andontinued develpment of the seeded species
likely were the reasasifor the decline of the weedy specieser the three years of study

Concerninghe impact of establishing wildfloweslands within a larger seeeld area, we conclude the
following.

T

Maximilian sunflowerupright prdrie coneflower, and Indian blankéfbwer were more

common in wildflower islands than in the surrounding plot area that was seeded to the Type A
mixture.

Even with the wildflower islands composing only 7% of the entire plot area, plots with
wildflower islands had greater frequency of Maximillian sunflower, upright prairie coneflower,
and Indian blanketlower than did plots without wildflower islands.

Concerninghe impact of increasd seeding rate and mowing frequency on the establishment of
interseeded wildflowers, we conclude the following.

T

T

The frequency of occurrence of blackeyed Susan, Indian bifloketr, and purple prairieclover
responded favorably to interseeding.

Mowing favored the establishment of blackeyed Susan and uprightig@neflower but
appeared to have no effect on the other wildflower species.

Overall, interseeding of wildflowers into established, mature stands of perennial grasses on
highway roadsides was marginally successful. Additional methods of suppressinggtasan
should be considered for improving interseeding success.

Management Implications

The segregation of wildflowers into separate rows can be a useful method to increase
wildflower densities on recentigeeded roadsides; however, only three of the smeded

wildflower species had adequate establishment to fully evaluate the effect of row segregation of
wildflower seeds on establishment. Upright prairie coneflower, Maximilian sunflower, and
Indian blankefflower were the three species that responded daably to row segregation. In

our study, the very high weed density in 2014 and 2015 likely affected the establishment of the
other seeded wildflower species, e.g., blue flax, slealf penstemon, and New England aster.
These species tended to responddeably to row segregation but their frequencies were so low
(<1%) that we decided against reporting their results. Regardless, we measured a favorable
response of wildflower establishment to row segregation at the row level and plot level.
However, the plolevel response was minimal even for the three more common wildflower
species. Therefore, we suggest a lower grass row to wildflower row ratio (e.g., 4:2 or 3:2) if row
segregation is to be considered a strategy for increasing wildflower frequency osidyaes of
roadsides. Although we like the approach of row segregation to increase the presence of
wildflowers on backslopesgeding roadsides with lower grass:wildflower row ratios increases
the proportion of the area that is seeded to wildflowers owildflower seedingsare relatively
slowto establish andhave ahigher riskof establishmentcreating challenges in minimizing the
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seeding also would increase as tm@portion of wildflower seeds in the total seeding mixture
increases. Another important note is that commercial seed drills would need to be modified to
seed grasses and wildflowers in separate rows. Overall, the strategy of using segregated rows to
improve the success of wildflower establishment appears to have much potential and should be
further tested.

The addition of wildflower islands within a larger seeding area has the potential to increase
wildflower density/frequency in new roadside plantingsurvildflower islands composed only

7% of the new seeding area, which appears to be the minimum size required to have an impact
on wildflower frequency. Again only three species, Maximilian sunflower, Indian bifloker,

and upright prairie coneflowergsponded favorably to the wildflower island approach; as in
Experiment 1, the weed infestation in 2014 and 2015 likely limited the establishment of the
other seven species that were seeded. Establishment of wildflower islands appears to be
another approah of increasing wildflower density/frequency on roadsides. The patchy
appearance of wildflower islands certainly is different than the more linear, continuous
appearance of segregated rows. The wildflower islands might be considered better adapted at
roadway interchanges, near towns, or for creation of pollinator habitat. We were not able to
assess the longdaerm influence of wildflower islands on plant composition of roadsides (i.e.,

the whole plot). We expect that the frequency/density of wildflowshsuld remain relatively

high in the islands because of less competition with grasses.ifthd is the case, the

wildflowers within the islands could serve as a propagule source (e.g., seeds and rhizomes) to
facilitate expansion of wildflowers throughotite roadside. Finally, we used a labor intensive
method of broadcast seeding and haraking to incorporate wildflower seeds into the ground.
Mechanized methods of patch seeding will need to be explored in seeding patches if wildflower
islands are to be awsidered a roadside strategy.

Further testing is needed of interseeding wildflowers into established stands dominated by
perennial grasses on roadsides. Wildflower response to interseeding was favorable on the North
site and provided the basis for identifig the factors that need further research. Providing for
good seedo-soil contact is essential and other methasfsmproving seeding conditiorshould

be tested, such as raking or disking prior to drilling. Suppression of the grasses following
interseedng is also essential and mowing appears to have limited impact on wildflower
establishment; herbicides or more severe mowing could be tested. The longevity of the
established wildflowers resulting from interseeding also needs to be documented. We expect a
short life expectancy for the established wildflowers (<5 years) unless aggressiveupllow
management practices are implemented that suppress the grasses.



Literature Cited

Collins, S.L., A.K. Knapp, J.M. Briggs, J.M. Blair an8tEimduer. 1998V odulation of Diversity by
Grazing and Mowing in Native Tallgrass Prairie. SCBB@&45747

Dickson, T.L. and W.H.Busby. 2009. Forb Species Establishment Increases with Decreased Grass Seeding
Density in Northeast Kansas, U.SExperimental Prairie Restoration. Restoration Ecola@ys97-605

Foster, B.L., T.L. Dickson, C.A. Murphy, I.S. Karel and V.H. Smith. 2004. Propagule Pools Mediate
Community Assembly and DiversiEgosystem Regulation Along a Grassland Productiveigi€3t.
Journal of Ecolog@2:435449

Masters, R.A., D.D. Beran, and R.E. Gaussion. 2001. Restoring Tallgrass Prairie Species Mixtures on Leafy
Spurgeinfested Rangeland. Journal of Range Managen#ht362369

Sampson, J.F. and L.E. Moser. 1982sgeding perennial grasses into eastern Nebraska pastures.
Agronomy Journal4:10551060.

SAS Institute In2013. SAS/ACCESS 9.4. Cary, NC: SAS Institute Inc.

Smith, B.H., M.L. Ronsheim, and K.R. Swartz. 1986. Reproductive ecdleiggrebnia diphylla
(Berberidaceae). American Journal of Bot#By14161426.

Soper, J.M., W.H. Schacht and C.E. Wienhold. 2010. Adapting Roadside Seeding Mixtures to Locate Site
Conditions in Nebraska. Annual Meeting of the Society for Range Management. Denver, CO.

Vogel, K.P. and Masters, R.A. 2001. Frequency Grid: A Simple Tool for Measuring Grassland
Establishment. Journal of Range Managemb#t.653655

Williams, D.W., L.L. Jackson and D.D. Smith. 2007. Effects of Frequent Mowing on Survival and
Persistence ofForbs and Seeded intoSpeciesPoor Grassland. Restoration Ecolatfy24-33



List of Figures

Figure 1 Growth of weedy forbs and grasses in September 2014 at Experiment 1 (Kearney, NE).
Figure2. Cumulative precipitation at Kearney, NE.
Figure3. Cumulative precipitation at Geneva, NE

Figured. Frequency grid used for estimating frequency of occurrence in Experiment 1 (Kearney,
NE).

Figure 5. Wildflower island plot in Experiment 2 (Kearney, NE).
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Figured. Frequency grid used for estimating frequency of occurrence in Experiment 1 (Kearney, NE).



